(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

11 



(19) World InteUectual Property 
Organization 
International Bureau 



(43) International Publication Date 
31 December 2003 (31.12.2003) 




(10) International Publication Number 

PCX wo 2004/000438 Al 



(51) International Patent Classification^: BOID 45/12, 
B04C 3/00, 9/DO 

(21) International Application Number: 

PCT/NO2003/000205 

(22) International FUing Date: 19 June 2003 (19.06,2003) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

2002 3021 21June 2002 (21.06.2002) NO 

(71) Applicant (for all designated States except US): STATOIL 
ASA [NO/NO]; N^035 Stavanger (NO). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): HAL AND, Trygve 
[NO/NO]; Skibmannsveien 26A, N-4056 Tananger (NO). 



(74) Agent: TANDBERGS PATENTKONTOR AS; Boks 
7085, N-0306 Oslo (NO). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, XL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA. MD. MG, MK, MN. MW, 
MX, MZ, NO, NZ, OM. PH, PL, PT, RO. RU, SD, SE, SG, 
SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VN, 
YU, ZA, ZM. ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, H, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT. RO, 
SE, SI, SK, TR). OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML. MR, NE, SN, TD, TG). 

[ Continued on next page] 



(54) Titie: ASSEMBLY TO SEPARATE LIQUID FROM A MULTIPHASE FLOW 




\\\ 




(57) Abstract: Assembly to separate out liquid frotfi a multiphase fluid flow, 
comprising a scrubber, a column, a separator or other conventional separation 
equipment, combined with a deliquidizer that is connected as a preseparator to 
the fluid inlet, in that the deliquidizer functions according to a cyclone princi- 
ple. With the assembly according to the invention the deliquidizer is modified 
such that it can be combined with conventional separation equipment such that 
a surprising improved technical effect is achieved. More specific the improved 
technical effect is achieved for assemblies where the deliquidizer is vertically 
oriented placed outside conventional separation equipment, with main flow 
direction upwards or downwards, or with the deliquidizer placed within con- 
ventional separation equipment 



wo 2004/000438 Al llllliilillliiilillllilillilllllliliillilH 



PubUshed: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazjette. 



wo 2004/000438 PCT/NO2003/000205 



Assembly to separate liquid from a multiphase flow 

Field of the invention 

The present invention regards separation of liquid from a multiphase fluid flow. 
More specific the present invention regards an assembly to separate a liquid from a 
multiphase fluid flow, comprising a scrubber, a column, a separator or another 
conventional separation equipment assembled with a deliquidizer such that the 
deliquidizer functions as a preseparator. With the assembly according to the invention 
reduced space and weight are achieved compared to prior art separation assemblies. 

Background of the inveiation and prior art 

In process plants in general, and in particular for processing of hydrocarbons on 
platforms or vessels offshore, it is essential that the separation equipment is light, of low 
volume and is economical beneficial compared to the technical effect achieved. To 
achieve beneficial effects different types of separation equipment can be combined. 

In patent application NO 2000 6656, available to the public from 24 Jxme 2002, it 
is mentioned that a deliquidizer (denoted a device), which is the topic for said patent 
application, can be combined with other conventional separation equipment to achieve a 
beneficial increased separation effect. In connection with the assembly of the deliquidizer 
with other equipment it is mentioned on page 2, lines 4-7 that "The device according to 
the invention can be used as an inlet arrangement to scrubbers and separators to improve 
the effect of such equipment. Further the device can be used as a free-standing unit in 
pipes and pipelines in oil/gas wells, in pipelines on shore or on the seabed, or in process 
plants on shore or offshore." On page 2, lines 35-36 it is mentioned that "The device can 
be moimted both horizontally or vertically with certain constructional changes." On page 
5, lines 3-6 it is mentioned that "The vessel 16 can e.g. be a separator, a scrabber or a T- 
pipe element, dependent on the actual utilization. The vessel can optionally be equipped 
with a more or less advanced demister, to dry the recirculation gas to an appropriate level, 
dependent on the utilization." Eventually it is mentioned on page 5, lines 14-16 that "By 
the simplest utilization of the deliquidizer, e.g. in the inlet to a separator or scrubber, it 
will not be any demand for monitoring or control of the device." 

In the above mentioned publication NO 2000 6656 there is no description of the 
"certain constructional changes" that has to be undertaken for the deliquidizer to be 
moxmted either horizontally or vertically. Neither is it mentioned that the deliquidizer can 
be placed within separation equipment of conventional type, such that the outlets for 
liquid and gas both are within the separation equipment. 
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There is a demand for assemblies for separation of liquid from a multiphase fluid 
flow, with lower weight, lesser volume and better technical effect. 

The aim of the present invention is to meet the above-mentioned demand by 
providing assemblies between the above-mentioned deliquidizer and equipment of 
conventional type, in ways novel for the skilled person, including certain modifications of 
the deliquidizer, to achieve improved separation effect, reduced volume and weight, and 
thereby beneficial technical effect. 

Summary of the invention 

The demand is unexpectedly met in that an assembly is provided for separating 
liquid from a multiphase fluid flow, comprising a scrabber, a column, a separator or other 
conventional separation equipment combined with a . deliquidizer that is connected as a 
preseparator to the fluid inlet, in which deliquidizer the fluid flow is set into rotation so 
that it is separated in a central zone along the longitudinal axis, which central zone in 
substance contains gas, and an outer annular zone against the inside of tihie outer wall, 
which outer zone in substance contains liquid, from which central zone an outlet means 
for gas is arranged and from which outer zone an ouflet means for liquid is arranged, in 
that the deliquidizer is ftinctioning according to a cyclone principle. 

The assembly according to the invention is distinguished in that it is comprising a 
deliquidizer with 

an in substance pipe formed casing arranged to constitute a section of the pipeline 
proper or the inlet, in that a spin element for rotation of the fluid flow is located at the 
upstream end of the casing, 

an outlet means for gas comprising an outlet element arranged at the downstream 
end of the casing, which outlet means has a central, axial passage way for the gas, and an 
outer surface that together with the iimer surface of the casing forms an annulus for inflow 
of liquid, in that a barrier is formed at the downstream end of the element for the liquid, 
and optionally an antispin element is arranged at tiie downstream end of the gas outlet 
means, 

an outlet means for liquid comprising an upward open vessel that is arranged at 
the downstream end of the casing, or at the upstream end by main flow direction upwards, 
which outlet means is arranged for taking up liquid that flows into the annulus and partly 
flows down into the vessel from the bottom region of the casing at the vessel opening, and 
parfly falls down into the vessel from the region at said barrier, and 

an upper section of the outlet vessel and a central part of the inlet spin element 
upstream end have been connected by use of a line, optionally with a regulation valve in 
the line, for recirculation of gas that can be entrained by liquid that flows or falls down 
into the vessel, in that the spin element has a central void space and is provided with a 
number of openings for outflow of recirculated gas from the void space. 
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With the assembly according to the invention the deliquidizer is modified so that 
it can be combined with conventional separation equipment such that a surprising 
improved technical effect is achieved. More specific the improved technical effect is 
achieved for assemblies where the deliquidizer is vertically oriented placed outside the 
conventional separation equipment, with main flow direction upwards or downwards, or 
with the deliquidizer placed within conventional separation equipment. The deliquidizer 
with the main flow direction vertical upwards is modified such that it differs essentially 
from the deliquidizer according to NO 2000 6656. 

The deliquidizer is preferably located within the fiirther separation equipment and 
constitutes an elongation of the inlet, in that the deliquidizer preferably has main flow 
direction vertical upwards or vertical downwards, or the deliquidizer is arranged 
horizontally within the fiirther separation means. 

The deliquidizer is preferably arranged outside the fiirther separation equipment 
and has main flow direction either vertical downwards or vertical iq>wards. 

The deliquidizer is preferably arranged with main flow direction vertical upwards, 
in that the deliquidizer is comprising 

a fiirther casing outside the gas/liquid separation pipe, to collect separated liquid, 

and 

an outer cone for the gas ouflet pipe, contributing in turning the liquid flow 180** 
in relation to the main flow direction. 

Drawings 

Fig. 1 illustrates an assembly according to the invention in form of a vertically 
mounted deliquidizer with main flow direction downwards, in front of a three phase 
separator. 

Fig. 2 illustrates an assembly according to the invention where the deliquidizer is 
mounted horizontally within a two phase gas scrubber, in elongation from the inlet. 

Fig. 3 illustrates an assembly according to the invention with a deliquidizer 
VCTtically mounted within a two phase scrubber, with main flow direction upwards in the 
deliquidizer. 

Fig. 4 illustirates an assembly according to the invention with a deliquidizer 
mounted vertically within a three phase separator, with main flow direction downwards in 
the deliquidizCT. 

Detailed description 

Reference is first made to Fig. 1 that illustrates an assembly according to the 
invention, more specific a vertically mounted deliquidizer with main flow direction 
downwards, combined with a three phase separator by mounting the deUquidizer in the 
inlet to the three phase separator. More specific a vertical deliquidizer 1 in the inlet pipe 
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to the three phase separator is illustrated, where a spin eleraent 2 is arranged in the 
upstream end, and a gas outlet 3 passing gas from the deliquidizer into the zone for gas in 
the three phase separator. Further, the liquid level 4 in the deliquidizer is illustrated. A 
recirculation line 5 with regulation valve is arranged from the outer zone m the 
deliquidizer, just above the liquid level, to the spin element 2. A liquid outlet 6 from the 
deliquidizer is arranged to pass liquid from the liquid region in the three phase separator, 
by use of a pipe with a regulation valve. The three phase separator has in the bottom both 
an outlet for oil/condensate 7 and an outlet for water 8. In the upper part of the three phase 
separator an outlet for gas is provided. Further, the water level 9 in the three phase 
separator is illustrated, as well as the oil level 10. 

Fig. 2 illustrates an assembly according to the invention, more specific a 
deliquidizer horizonlaUy mounted as inlet arrangement within a vertical oriented two 
phase gas scrubber. In this case the deliquidizer is quite similar to the deliquidizer 
according to NO 2000 6656, but in particular the gas outlet means is modified since the 
gas outlet is directly into the two phase gas scrubber. Equipment is ananged in the upper 
part of the two phase gas scrubber for collecting droplets entrained by the gas, more 
specific demisters or cyclones of known types. On the figure, Ulustrated horizontally, is 
the inlet for gas and liquid on the left side, the outlet for gas is from the top of the gas 
scrubber while the liquid outlet is m the bottom. 

Reference is made to Fig. 3 that illustrates an assembly according to the invention 
in form of a deliquidizer vertically mounted as inlet arrangement within a vertically 
oriented two phase gas scrubber with main flow direction upwards in the deliquidizer. In 
this embodiment the deliquidizer is modified by a cone 1 1 arranged around the gas outlet 
from the deliquidizer, and also a spreading cone 12 for gas is arranged directly 
downstream the outlet for gas from the deliquidizer, which means just above the 
deliquidizer since the main flow direction is vertically upwards. Further, it is arranged an 
additional outer casing 13 outside the gasAiquid separation pipe, to collect entrained 
liquid that thereby can flow downwards, which means 180° relative to the main flow 
direction in the deliquidizer. On the figure, illustrated horizontally, is the inlet for gas and 
liquid in the bottom of the gas scrubber, the outlet for gas is from the top, while the liquid 
ouflet is down at the lefl: side a little over the bottom. 

On Fig. 4 a fiirther assembly according to the invention is illustrated, in form of a 
deliquidizer arranged in the inlet within a three phase separator, in vertical position with 
main flow direction downwards. As illustrated the gas outlet from the deliquidizer is 
essentially modified in that it is bent such that it turns upwards and ends in fbe gas region 
in the three phase separator. 

The assemblies according to the invention with main flow direction in the 
deliquidizer either vertically upwards or vertically downwards, have surprisingly resulted 
in improved technical effect conq)ared to other assemblies. The assemblies according to 
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the invention with a deliquidizer mounted within another separation device have 
surprisingly resulted in an improved separation effect in less space than other assemblies. 
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Claims 



1. Assembly to separate out liquid from a multiphase fluid flow, comprising a 
SCTubber, a colunm, a separator or other conventional separation equipment combined 
with a deliquidizer that is coimected as the preseparator to the fluid inlet, in which 
deliquidizer fluid flow is set into rotation so ihat it is separated in a central zone along the 
longitudinal axis, which central zone in substance contains gas, and an outer annular zone 
against tiie inside of the outer wall, which outer zone in substance contains liquid, from 
which central zone an outlet means for gas is arranged and from which outer zone and 
outlet means for liquid is arranged, in that the deliquidizer is functioning according to a 
cyclone principle, 

characterized in that the assembly is comprising a deliquidizer with 

an in substance pipe formed casing arranged to constitute a part of the inlet 
pipeline proper or the inlet, in that a spin element for rotation of the fluid flow is located 
at the upstream end of the casing, 

an outlet means for gas comprising an outlet element located at the downstream 
end of the casing, which outlet means has a central, axial passage way for the gas, and an 
outer surface that together with the inner sinface of the casing forms an annulus for inflow 
of liquid, in that a barrier is formed at the downstream end of the element for the liquid, 
and optionally an antispin element is arranged at the downstream end of the gas outlet 
means, 

an outlet means for liquid comprising an upwards open vessel that is arranged at 
the downstream end of the casing, or at the upstream end for main flow direction 
upwards, which outlet means is arranged for taking up liquid that flows into the annulus 
and partly flows down into the vessel from the bottom region of the casing at the vessel 
opening, and partly falls down into the vessel from the region at said barrier, and 

an upper part of the outlet vessel and a central section of the inlet spin element 
upstream end have been connected together by use of a line, optionally with a regulation 
valve in the line, for recirculation of gas that can be entrained by liquid that flows or falls 
down into the vessel, in that the spin element has a central void space and is provided 
with a number of openings for outflow of recirculated gas from the void space. 

2. Assembly according to claim 1 , 

characterized in that the deliquidizer is placed within the further separation equipment and 
constitutes an extension of the inlet. 
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3. Assembly according to claim 1, 

characterized in that the deliquidizer is arranged outside the further separation equipment 
and has main flow direction vertical upwards. 

4. Assembly according to claim 1, 

characterized in that the deliquidizer is arranged outside the fiuther separation equipment 
and has main flow direction vertical upwards. 

5. Assembly according to claim 1 or 2, 

characterized in that the deliquidizer is arranged within the further separation equipment 
and has main flow direction vertical upwards. 

6. Assembly according to claim 1 or 2, 

characterized in that the deliquidizer is arranged within the further separation equipment 
and has main flow direction vertical downwards. 

7. Assembly according to claim 1, 

characterized in that the deliquidizer is arranged horizontally and is placed within the 
further s^aration equipment and constitutes an extension of the inlet thereto. 

8. Arrangement according to claim 1, 2, 4 or 5, 

characterized in that the deliquidizer is arranged with the main flow direction vertical 
upwards, in that the dehquidizer is comprising 

an outer casing outside the gas/liquid separation pipe, to collect separated liquid, 

and 

an outer cone for the gas outlet pipe, contributing to turning the liquid flow 180 ° 
related to the main flow direction. 
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